In fish breeding, full-sib families are often kept in separate tanks until individuals are large enough to be tagged and pooled. This practice induces substantial environmental variation common to full sibs (V FS ) in BW. We used multigeneration data on rainbow trout to investigate how variation among families in early rearing density affects BW at different ages and environments (fresh water and sea), and whether variance parameters and ranking of breeding candidates change when density is either excluded or included as a regression term in a multitrait animal model. Increasing density displayed a consistent negative relationship with full-sib tank-mean BW at the end of fry-stage when family sizes were equalized (r 2 of linear regressions 11 to 31%). In 4 out of 6 year classes, the significant negative association between density and BW also remained through the family-tank period until tagging at 6 mo of age (r 2 = 3 to 19%). In some year classes, early density had a carry-over effect on later BW means, reaching up to the age of >2 yr (after the second and third growing season). Yet, the association was generally weaker at later ages and varied from nonexistent to both significantly negative and positive (r 2 = 0 to 6%). For each BW, the inclusion of early density in genetic model primarily captured the variance that was otherwise attributable to V FS . The reduction of V FS was most pronounced in tagging BW (21% difference between the models), where common environmental effects were moderately high (c 2 = 0.18 in the model without density). For later BW traits, the difference in V FS was 6 to 8% (c 2 = 0.04 to 0.05). The changes in genetic, residual, and phenotypic variances were generally small in the model, including density. Similarly, only a slight change in the heritability estimate of any BW was found (differences of h 2 0.2 to 1.3% between models). Correlations between EBV obtained by the 2 models were highly positive in each BW trait (r range 0.94 to 1.00), indicating that ranking of the breeding candidates remained consistent, regardless of whether density was accounted for or not. Our findings highlight the importance of equalizing family sizes to decrease V FS in rainbow trout growth. If selection is practiced for EBV of BW recorded at an age of >2 yr, and equalization is done early enough, the effects induced by different initial density can be sufficiently corrected for by the common full-sib effect in models used for genetic evaluation.
ABSTRACT:
In fish breeding, full-sib families are often kept in separate tanks until individuals are large enough to be tagged and pooled. This practice induces substantial environmental variation common to full sibs (V FS ) in BW. We used multigeneration data on rainbow trout to investigate how variation among families in early rearing density affects BW at different ages and environments (fresh water and sea), and whether variance parameters and ranking of breeding candidates change when density is either excluded or included as a regression term in a multitrait animal model. Increasing density displayed a consistent negative relationship with full-sib tank-mean BW at the end of fry-stage when family sizes were equalized (r 2 of linear regressions 11 to 31%). In 4 out of 6 year classes, the significant negative association between density and BW also remained through the family-tank period until tagging at 6 mo of age (r 2 = 3 to 19%). In some year classes, early density had a carry-over effect on later BW means, reaching up to the age of >2 yr (after the second and third growing season). Yet, the association was generally weaker at later ages and varied from nonexistent to both significantly negative and positive (r 2 = 0 to 6%). For each BW, the inclusion of early density in genetic model primarily captured the variance that was otherwise attributable to V FS . The reduction of V FS was most pronounced in tagging BW (21% difference between the models), where common environmental effects were moderately high (c 2 = 0.18 in the model without density). For later BW traits, the difference in V FS was 6 to 8% (c 2 = 0.04 to 0.05). The changes in genetic, residual, and phenotypic variances were generally small in the model, including density. Similarly, only a slight change in the heritability estimate of any BW was found (differences of h 2 0.2 to 1.3% between models). Correlations between EBV obtained by the 2 models were highly positive in each BW trait (r range 0.94 to 1.00), indicating that ranking of the breeding candidates remained consistent, regardless of whether density was accounted for or not. Our findings highlight the importance of equalizing family sizes to decrease V FS in rainbow trout growth. If selection is practiced for EBV of BW recorded at an age of >2 yr, and equalization is done early enough, the effects induced by different initial density can be sufficiently corrected for by the common full-sib effect in models used for genetic evaluation.
INTRODUCTION
In many fish breeding programs, full-sib families are held in separate tanks until the fish are large enough for individual tagging and subsequent pooling (Kolstad, 2005) . The number of fish among family tanks can vary greatly; for example, due to initial family size differences and variation in egg and fry survival due to genetics and environmental effects common to full sibs (Herbinger et al., 1999; Vehviläinen et al., 2010) .
High density can reduce fish growth, even when the amount of feed is adjusted to fish biomass (e.g., Ellis et al., 2002; Rowland et al., 2006; Lund et al., 2013) . Such density effects can arise during the family-tank phase and there may be a carry-over effect on harvest BW that needs to be taken into account in genetic evaluations. In fish breeding, statistical models for estimating breeding values typically include an environmental effect common to full sibs, explaining a significant amount of variation in growth (5 to 13%; Kause et al., 2005) . However, if differences in density mostly result from different survival rates among the families, density differences are not solely environmental but may also involve a genetic component (Vehviläinen et al., 2010) . Genetic variation in fingerling survival can then be potentially inferred as genetic variation in growth due to its dependence on density. To enhance the reliability of genetic evaluations for fish growth, it is important to reduce common environmental effects and estimate genetic variation that is solely due to individual differences in growth potential.
Using data on rainbow trout, Oncorhynchus mykiss, we first investigated to what extent differences in early rearing density (fry-to-fingerling period) influence BW at different ages until >2 yr. Second, we quantified the degree to which genetic, common environmental and residual variances, and ranking of EBV of breeding candidates change when density is either excluded or included as a fixed regression term in an animal model for BW.
MATERIALS AND METHODS
All procedures involving animals were approved by the Animal Care Committee of the Finnish Game and Fisheries Research Institute (FGFRI).
In the Finnish national breeding program for rainbow trout, breeding candidates are held at the Tervo freshwater nucleus in central Finland. Their siblings are performance tested in the sea under commercial production conditions and slaughtered after the second growing season to record various production and quality traits (Kause et al., 2005) . At each measurement event, other than the final assessment at slaughter, the studied animals were carefully sedated before any further handling using a buffered tricaine methanesulfonate (MS-222, Finquel, Argent Chemical Laboratories, USA) as an aesthetic solution.
Study Population and Data Structure
The data used derive from the Finnish national breeding program for rainbow trout SELEC maintained by FGFRI and MTT Agrifood Research Finland (Kause et al., 2005) . The data set comprised 62,977 individually tagged fish from year classes 1996-2001 (PopI, PopIIa, and PopIIb; Table 1 ). The pedigree comprised 77,141 animals and traced back 3 to 4 generations to the common base population established in 1989 (for PopI) and 1990 (for PopIIa, b).
The brood fish for each generation were selected using a multitrait selection index based on EBV for growth (BW measured at age of 2 and 3 yr; since 1992), maturity age (since 2001), and external appearance (body shape, skin color, and skin spottiness; since 2001; Kause et al. 2003a,b; Kause et al., 2004; Kause et al., 2005) . In Finland, fish farmers primarily produce large rainbow trout with harvest BW of 1 to 3 kg.
The parental fish were mated at the Tervo freshwater nucleus station during April, May, and June, using either nested paternal or partial factorial designs (Table 1) . Matings were avoided between sires and dams having the additive genetic relationship >0.125 (i.e., pairs that have more than 2 grandparents in common). This kept the coefficients of inbreeding low across the studied generations (mean F = 0.5%, range = 0 to 0.9%, n = 6 generations). In each generation, matings were completed during a period of 1 to 3 wk. The full-sib egg batches of equal volume (50 ml) were held separately within subdivided trays of vertical incubators. At the eyed-egg stage, families were moved to separate circular indoor 150-L tanks for hatching. The number of tanks used per full-sib family ranged from 1 to 3 (n = 965 families). However, in most cases (92.3% of all families), each full-sib family was held in a single tank until tagging.
The eggs hatched in June. From the start of exogenous feeding, fish were fed with commercial dry food (various manufacturers) by automatic feeders. Feeding was adjusted for each tank, according to temperature and amount and size of fish in the tank. Before standardization of family sizes (see below), fish biomass in each tank was visually approximated and feeders were programmed accordingly. Pellet size was increased appropriately as fish grew, according to recommendations by the feed manufacturer. Tanks were cleaned and dead fish were removed on a daily basis. In August and September, when fish can be handled again due to cooling water temperature, the number of individuals in each tank (hereafter referred to as "early density") was calculated by dividing the total fish biomass in a tank by the average fish BW in a tank. Mean of early density was 275 fish (SD 146, n = 1,073 tanks). For each tank, the average fish BW was calculated from the total biomass of 150 to 170 fish. These remaining fish from each family represented a random sample without size grading. The rest of the fish were discarded to equalize fish density across all tanks. In varying numbers of families per year class (mean proportion 21% of families, range 0.5 to 50%), however, the number of survivors was already <150 and no reduction was needed. Each year, equalization and fish counting were completed within a week. The number of fish at equalization reflects, to a great extent, survival rates of families from the beginning of egg incubation fertilization to the end of fry stage, and, to a lesser degree, differential fertilization rates. The impact of fertilization success was reduced by controlling the quality of the milt (i.e., verification of sperm motility with microscope) and eggs, as well as by using only viable families with a high number of eggs surviving until the eyed stage. If all eggs were the same size, early density would precisely describe family-level survival. However, egg size likely differed among families and, therefore, the initial egg number can vary.
In November and December, after the first growing season, an average of 79 haphazardly sampled fish (range 9 to 177 fish) from each full-sib family was tagged. Each family was then randomly split into 2 or 3 subgroups to be reared either at the Tervo freshwater nucleus station or transferred the following May or June to 1 or 2 commercial Baltic Sea test stations. All fish staying in fresh water and sea-tested fish from the 1999-2001 generations were identification tagged intraperitoneally, using passive integrated transponders (Trovan Ltd., Ulm, Germany). The sea-tested fish of the other generations were marked by external cold branding, each full-sib family with a different family code. According to a standard protocol, all fish sent to the sea test stations were vaccinated 1 mo before transportation with intraperitoneal injection (1996-1997: 0.1 ml of Lipogen Duo, Aqua Health Ltd, Canada; 1998-2001: 0.2 ml of Apoject 1800, Pharmac, Norway) against bacterial diseases caused by Aeromonas salmonica and Listonella (Vibrio) anguillarum.
At the freshwater station, tagged fish were pooled and reared in a common outdoor flow-through raceway for 2 additional growing seasons. The sea-tested fish were reared in the same net-pen for 1 additional growing season (up to age 2 yr). In southern Finland, climatic conditions are highly seasonal and the effective growing season lasts ~9 mo, from late March to early November.
Growth Traits Measured
The average BW of fish in a tank was measured during the first growing season in August through September, when family sizes were equalized [BW 0 ; grand mean ± SD = 2.7 ± 1.4 g (range: 0.6 to 8.8), n = 1,069 tanks].
During tagging at the freshwater station, all fish were weighed individually to the nearest 0.1 g, when they had grown for 1 growing season (6 mo) in fresh water (BW 1 ; mean ± SD = 52.1 ± 20.7 g, n = 62,977 fish).
After the second growing season in April, May, and June at the freshwater station, fish were individually weighed to the nearest 1 g (BW 2 ; 1,045 ± 352 g, n = 30,348 fish) and again after the third growing season in September, October, and November (BW 3 ; 2,530 ± 717 g, n = 22,725 fish), and their reproductive status and gender were determined, either visually from external characteristics or by ultrasound scanner (Pie Medical 485 Anser Vet, Maastricht, The Netherlands). The fish were classified into males maturing at 2 and 3 yr, females maturing at 3 yr, and immature females. Fish that died before their gender could be scored were assigned as individuals with unknown gender.
At sea test stations, fish were individually weighed during October through April (BW 2sea ; 1,011 ± 327 g, n = 25,759 fish) when they had been reared for 1 additional growing season in sea water. Then, the fish were slaughtered and their gender and maturity were determined.
Statistical Analyses

Relationship of Early Density with BW
To study the relationship of early density with all 5 BW traits, regression coefficients between early density (x-axis) and tank-mean BW (on y-axis) were calculated. To do so, uncorrected tank means were used for BW 0 , whereas for other BW traits, corrected phenotypic values for individuals were first calculated within each year class using the following linear mixed model (PROC MIXED in SAS 9.2.; SAS Inst. Inc., Cary, NC):
where y ij depicts an observation of an individual i, µ is the year class mean, gender j is the fixed effect of gender (j = 1 to 3; male, female, or unknown), and e ij is the random error term. Due to varying time period to weigh all fish during tagging (37 to 88 d), cumulative temperature sum from fertilization to tagging was included as a fixed regression term (covariate) for BW 1 . For later BW, the recording timing does not have an effect on variance components and EBV (Kause et al., 2005) . Further, the model for BW 2sea was supplemented with the fixed effect of testing location (site k ; k = 1 to 2), when 2 sea stations were used (Table 1) . From these corrected phenotypic values, tank means were calculated.
Then, using the tank-specific means for BW and density, the variances and covariances between early density and each BW trait were estimated separately for each year class. The deviance of a covariance from zero was tested using a log-likelihood ratio test between the alternative models (X 2 statistic with 1 df), where covariance was either estimated from the data or constrained to zero (Quinn and Keough, 2002) . The regression slope for each model was calculated as b = Cov xy /Var x and coefficient of determination as r 2 = Cov xy /(SD x • SD y ) 2 .
Early Density Effect on Variance Components and Animal Reranking
The individual records of BW 1 , BW 2 , BW 3 , and BW 2sea were used to quantify the influence of either including or excluding early density in a model on variance components and on reranking of EBV for BW. The models without the fixed density regression term correspond to those being used in routine genetic evaluation for rainbow trout in the breeding program.
Phenotypic and genetic parameters, and breeding values were estimated using a 4-trait animal model in DMU 6.0 software applying REML (Madsen and Jensen, 2008) . The data of the 5 year classes were analyzed together. To generate the 2 alternative models, a fixed regression term of early density was either included or excluded from all BW traits. The full model for each trait was:
where year l is the fixed effect of birth year (l = 1 to 6), year l × gender j is the fixed interaction of birth year and gender, anim i is the random genetic effect of an individual i with full pedigree, year l × tank n is the random interaction effect of birth year and family rearing tank, and bdensity(year l ) is the fixed regression slope for early density (fish number per tank) nested within a year class. For BW 1 , the cumulative temperature sum from fertilization to date of recording, nested within a year class, was also included in the model as a fixed regression slope. Further, for BW 2sea , the interaction term year k × gender i also includes the effect due to sea test stations (year k × gender i × site k ; k = 1 to 2). Residual covariance was set to zero for pairs of traits that were not measured from the same animals.
Heritability (h 2 = V G /V P ) and common full-sib variance ratio (c 2 = V FS /V P ) were calculated using the obtained variance estimates, where V G is the genetic variance attributable to the animal effect, V FS is the variance attributable to year class × family-tank interaction, and V P is phenotypic variance. V P was calculated as V G + V FS + V R , where V R is the residual variance. The genetic animal effect was modeled using the full pedigree structure across year classes. Instead, the common environmental effect was modeled without pedigree information and it is assumed to capture environmental effects due to common rearing of full sibs from incubation until tagging and parts of other nonadditive sources of variation (i.e., dominance and maternal effects).
To quantify reranking of animals for each BW, Spearman's rank correlations between EBV obtained from the 2 different models were calculated separately for each year class. Because the primary interest was to find out whether reranking occurs among animals selected as parents, the correlations were calculated using only EBV of the breeding candidates held at the freshwater station (n = 7,477 to 17,613 fish per year class).
RESULTS
Relationship of Early Density and BW
An increase in early fish density was associated with a decrease in tank-mean BW 0 . This was revealed by highly significantly negative covariances between fish density and BW 0 in all 6 year classes studied ( Table 2 ). The regression slopes varied from -0.004 to -0.001 and density explained 11 to 31% of the variation in tank-mean BW 0 .
In 4 out of 6 year classes, the significant negative relationship persisted between early density and tankmean BW 1 at tagging ( Table 2 ). The regression slopes ranged between -0.039 to 0.000, explaining from 0 up to 18% of the variation in tank-mean BW 1 .
Two significantly negative covariances remained between early density and tank-mean BW 2 , whereas in 4 year classes the relationship was nonsignificant (Table 2) . Variation in early density explained 0 to 6% of the variation in BW 2 means (range in b = -0.282 to 0.162). For tank-mean BW 3 , 1 negative covariance with density was close to statistical significance. In addition, 2 positive covariances between density and BW 3 differed significantly or nearly significantly from zero (year classes 1999 and 1998, respectively). Nevertheless, the amount of variation in mean BW 3 attributable to early density was low in each year class (r 2 = 0.0 to 3.3%).
Only 1 negative and 1 positive covariance between early density and BW 2sea differed significantly from zero, and 4 other associations were nonsignificant ( Table 2) . The regression slopes ranged between -0.157 and 0.185, but altogether early density explained only a minor proportion of the variation in mean BW 2sea (r 2 = 0.3 to 3.3%).
Effect of Early Density on Variances
The estimates of (co)variance components for the 2 alternative models are shown in Table 3 and Appendix 1. The inclusion of early density as a fixed regression term had the strongest effect in reducing the common environmental variance in BW 1 , with the difference in V FS being 21% between the models. A notable change of V FS in this model comparison conforms to the results obtained from overall regressions, where early density explained, on average, a higher proportion of the variation in tank-means BW 1 compared with later BW traits ( Table 2 ). There was no apparent change in genetic or residual variance of BW 1 when an effect of density was corrected in the model, whereas phenotypic variance was somewhat smaller (3.5% difference between the models). The estimate of common full-sib variance ratio for BW 1 was still moderate (c 2 ~15%), with the absolute difference being only 3.1 percentage points smaller in a 2 b is the regression coefficient for the linear relationship between fish density and tank-mean BW.
BW 0 = body weight at equalization of family sizes during 1st growing season; BW 1 = tagging weight after first growing season; BW 2 = body weight in freshwater after 2nd growing season; BW 3 = body weight in freshwater after 3rd growing season; BW 2sea = body weight at sea after 2nd growing season. Table 3 . Variance components, heritabilities (h 2 ± SE), and common environmental effect ratios (c 2 ± SE) for BW traits in alternative models where the early density of fish in full-sib family tanks is either included or not as a fixed regression term Table 3 ). Small concomitant increases occurred in genetic variances (differences 1 to 4%), whereas no apparent changes were found in the residual or phenotypic variances. The magnitude of c 2 was low (4 to 5%) and similar between the models. The inclusion of density did not cause notable increases in h 2 estimates of any later BW (differences of 0.2 to 1.2 percentage points).
Genetic and phenotypic correlations of the 4 BW traits differed only slightly (mean = 0.006, range = 0.001 to 0.019) between models (Appendix 1).
Effect of Early Density on Reranking of Animals
Correlations between breeding values estimated with the alternative models were highly positive in each of the 4 BW traits (Table 4 ). The lowest values were for BW 1 (mean 0.978, range 0.936 to 0.997, n = 6 year classes), whereas for later 3 BW traits all correlations were close to unity (means 0.992 to 0.994, common range 0.983 to 0.999, n = 6). This suggests that only minor reranking occurs among selection candidates when their breeding values were estimated by the alternative models, either including or excluding early density in family tanks.
DISCUSSION
Relationship between Early Density and Growth
We found that differences of fish number between full-sib family tanks, i.e., early fish densities recorded after 2 to 3 mo from hatching, are sufficient to generate considerable heterogeneity to the growth of rainbow trout. The tank means for BW were predominantly reduced with increasing density through the family-tank phase until age 6 mo. These findings conform to the common notion that high densities depress the growth of juvenile rainbow trout, even in the presence of surplus feed supply (reviewed by Ellis et al., 2002; Rasmussen et al., 2007) . It is notable that early density also had a carry-over effect on later BW recorded at >2 yr of age, though the associations weakened with age and varied from negative to positive, depending on the year class. Accordingly, the regression of density against tank-mean BW explained a high proportion of BW variation during the family-tank period (r 2 up to 31% in BW 0 and 19% in BW 1 ), but regression r 2 dropped to a mean of 2% in BW measured at the age of >2 yr (maximum 6% in BW 2 ).
Our study reveals that the unequal densities experienced by fish families during their first months of exogenous feeding can have long-term effects on growth, reaching up to age of 2 yr. At an individual level, growth during the family-tank phase may influence their potential for subsequent growth during the on-growing period, as suggested by the moderately high phenotypic correlation (r P ) of BW 1 both with BW 2 (r P = 0.42), BW 3 (0.27) and BW 2sea (0.32; Appendix 1). However, the strength and persistence of density effects may be dependent on the length of time full-sib groups are held separately (Bagley et al., 1994; Winkelman and Peterson, 1994; Kolstad, 2005) . In addition, the effects on growth are likely to better manifest themselves with increasing mean and variation in stocking density. In our study, most families were exposed to relatively low stocking density already before it was standardized (mean c. 5 kg · m -3 ). Further, families were equalized to a common size at an early developmental stage (fry-fingerling phase) when behavioral social interactions affecting growth would presumably begin to occur. This probably has diminished density effects compared with the situation where equalization is delayed or left altogether. Interestingly, the relationship between early density and tank means of BW varied between year classes, and in some cases, turned from negative at an early age into positive at a later age. There are 2 potential explanations for this change of association. First, it is plausible that slower early growth rate in dense, well-surviving families protected fish from forming skeletal deformities, leading to their good growth later on during on-growing. Yet, this assumption may only apply to special circumstances, such as experienced by the year class 1999, where the incidence of vertebrae defects among 2-yr-old fish was exceptionally high (24% at the freshwater station; Kause et al., 2007) . Multigeneration analyses from our study population have shown that faster fingerling growth is related to increased incidence of vertebrae defects at genetic but not at phenotypic level (Kause et al., 2005; Vehviläinen et al., 2012) . Second, there could be BW 0 = body weight at equalization of family sizes during 1st growing season; BW 1 = tagging weight after first growing season; BW 2 = body weight in freshwater after 2nd growing season; BW 3 = body weight in freshwater after 3rd growing season; BW 2sea = body weight at sea after 2nd growing season.
an innate underlying positive association between early survival and later growth, which may be a strong enough association to be expressed in certain year classes. Indeed, high survival tends to be genetically associated with high BW (Vehviläinen et al., 2012; Sae-Lim et al., 2013) . Either way, the causal relationship between early density and growth at different ages of fish can be context specific, revealed by inconsistent patterns across years and environments, even within a single population.
In the Finnish breeding program for rainbow trout, families are equalized to a fixed family size 2 to 3 mo after hatching. Nevertheless, our results show that this is not early enough to totally avoid the effects of early density differences on BW. Further, there may be density differences between families after the first grading, which induce additional effects on growth. To mitigate the density effect via management practices, it is recommended that family sizes are equalized even earlier and at frequent intervals until fish tagging and pooling of families at 6 mo of age. In this way, families are exposed to more similar conditions and common environmental effects of full sibs can be reduced. This makes families more comparable and allows for more reliable genetic parameters and EBV estimation due to the difficulty of separating common environmental effects from genetic effects (Kolstad, 2005) . In addition to management, appropriate statistical methods can be used as means to control variation in growth due to different densities among families.
Effect of Early Density on Genetic Evaluation
Our results show that the undesirable growth variation among families due to their differences in early density can be sufficiently captured by including the common environmental effect of full sibs into statistical models. This was clearly the most pronounced on tagging BW, where the proportion of common environmental variation from total phenotypic variation (c 2 ) was the highest. The inclusion of density into the model resulted in 21% smaller common environmental variance (V FS ) in BW 1 , whereas no apparent changes were detected in genetic or residual variance. Despite the considerable decrease in V FS , the absolute decrease of phenotypic variance in BW 1 was only 3.5% when including density in the model. This is logical because density is a tank-specific attribute, whereas a lot of other variation is involved in the growth among individuals (both within and between tanks).
The influence of early density on common environmental variance decreased substantially at later ages, during communal rearing of fish. Later BW traits exhibited fairly low c 2 values (5 to 6%) and including density in the models reduced V FS only by 6 to 8%. Further, owing to the small differences of genetic variances (maximum 4% in BW 3 ) and negligible changes in residual variance between models, the magnitude of phenotypic variances remained consistent. Our results suggest that V FS of BW can also be reduced, to some extent, at older ages via control over early density, though the effect on c 2 is limited. An overall decrease in common environmental effect would be beneficial for the genetic evaluation of later BW traits.
Our large multigeneration data with paternally nested mating designs in most of the generations, as well as partial factorial designs in the others, presumably provided good possibilities to disentangle genetic and environmental sources of variation from each other. Particularly in small data sets, environmental effects common to full sibs may be easily confounded with genetic effects, leading to biased estimates of genetic variances and EBV (Berg and Henryon, 1998; Martinez et al., 1999) . When common environmental effect is included into a model, it is possible that the full-sib effect captures part of the genetic variance, resulting in downward bias of h 2 estimates (Maluwa et al., 2006) . On the other hand, ignoring common environmental variation tends to inflate genetic variation, leading to upward biased heritability estimate (Martinez et al., 1999; Sae-Lim et al., 2013) . Moreover, use of full-sib (single pair) mating design would hamper to disentangle genetic and common environmental effects, such as early fish density effects, from each other.
Finding that early density only slightly influenced the genetic variation of growth is presumably explained by the limited genetic variation in early survival. In salmonid fish, early survival typically exhibits close-to-zero or low heritability (Kanis et al., 1976; Beacham, 1988; Rye et al., 1990; Pakkasmaa and Jones, 2002; Vehviläinen et al., 2008 Vehviläinen et al., , 2010 Janhunen et al., 2010) . A large proportion of parentally induced variation in early survival of rainbow trout stems from maternal effects and thus reflects environmental source of variation (e.g., differences in egg size and quality; Nagler et al., 2000) . Higher levels of genetic variation in early survival could induce indirectly via the density effect, a change in the genetic variation of BW. Heritability of survival is known to vary greatly across environments, generations, and species, depending on mortality factors (e.g., Charo-Karisa et al., 2006; Vehviläinen et al., 2008) . So far, no heritability estimates are available for egg and fry survival (i.e., time phase before family size equalizations) in the studied population, though results of Vehviläinen et al. (2010) suggested that this trait might be genetically different from fingerling survival recorded 3 to 5 mo later, which exhibited moderate inheritance (h 2 = 0.20 to 0.27).
In the Finnish breeding program for rainbow trout, genetic improvement of growth is based on selection for EBV of market BW recorded at age 2 to 3 yr. Because 85% of production occurs at sea, the weight of BW 2sea in our selection index is about 2 times higher than the sum of the weights of BW 2 and BW 3 . For all these traits, the ranking of breeding candidates remained very consistent when their EBV were estimated with a model either including or excluding the regression term for early density (r = 0.98 to 1.00). Consequently, selection based on EBV from either of the models would result in the selection of almost the same individuals. The lowest correlations between EBV from the 2 models were observed for BW 1 (0.94 and 0.97), leaving the possibility for some minor reranking in this trait. In the Finnish breeding program, BW 1 is not regarded as an economically important trait and hence its breeding value is estimated, but it receives no index weight. Instead, within-family selection for tagging BW phenotype is currently practiced (from 2003 onward) to increase genetic gain in the genetically correlated harvest traits (Martinez et al., 2006) . Because all full sibs are typically within a single tank, density effects do not interfere with within-family selection.
Conclusion
Differences of fish density during early feeding period form an essential part of the common environmental variation among families. If numbers of fish among full-sib groups are equalized at an early fingerling stage, initial density effects on growth arise mostly during the family-tank phase. Yet, although the negative effects of high density on growth substantially diminish with age, they may remain perceptible for over 2 yr. For fish breeding, this emphasizes the necessity of standardization of group sizes. If selection is based on BW at an age of 2 yr, the influence of early density on EBV can be effectively accounted for by keeping a random full-sib common environmental term in the statistical model. Nevertheless, management practices reducing common environmental effects would further enhance the reliability of genetic parameter estimation and EBV evaluations in fish.
